The aim of the study was to estimate the effect of' tree pruning intensity on the yielding and quality of fruits of the sour cherry (Prunus cerasus L.) cultivar 'Łutówka'. An experiment with a different intensity of tree pruning was carried out in the years [2006][2007][2008][2009][2010] . In the plantation, three pruning regimes were applied: 1) no pruning (only sanitation felling was applied), 2) moderate traditional pruning (consisting of the shortening of branches), 3) intensive pruning (by removing branches older than three years). Tree yielding significantly depended on the weather conditions of the experimental years. With increasing pruning intensity the yield decreased. Tree pruning and its intensity influenced fruit quality measured by the weight of 100 fruits, fruit firmness, acidity and total soluble solids. Colour variation of 'Łutówka' skin was assigned the following parameters L*, a*, b*, C* and h°. Their changes varied depending on the year and orchard.
Introduction
Poland is one of the largest producers of sour cherries in the world (Szpadzik et al., 2009; Sredojević et al., 2011) . The annual harvest is about 180 thousand tones, except in the years when spring frosts damage the flowers or fruitlets (Mika et al., 2011) . Intensification of fruit production is frequently measured by the tree plantation density. In sour cherry orchards, the recommended number of trees per hectare ranges from 667 to 2760. Such dense plantation requires an adequate rootstock and tree canopy, which may significantly influence the yield and quality of fruits.
For intensive sour cherry orchards, it is frequently recommended to apply a narrow spindle like or axial tree canopy (Gonda, 2006; Hrotkó et al., 2008 b; Hrotkó, 2009; Magyar, Hrotkó, 2013) , while for orchards with a smaller number of trees, a circular, regulated tree is recommended (Gonda, Such, 2008; Hrotkó, 2013) . The formation of an adequate tree canopy requires different pruning intensities which exert an influence on a number of tree physiological processes connected with the growth, yield and quality of fruits (Buler, Mika, 2009; Jankiewicz, Lipecki, 2011) .
In the narrow spindle and in the axial crown forms, being the most common ones, intensive pruning is applied by removing branches older than three years and leaving a tenon from which young shoots grow out and after 2-3 years they are removed again leaving place for new shoots (Hrotkó et al., 2008 a) . In orchards with a circular, almost natural crown, a cleaning pruning is applied to remove excess of branches or to shorten the branches. This procedure forces the shoots to shoot out closer to the centre of the crown (Mika et al., 2011) .
Sour cherry tree of the cultivar 'Łutówka' requires a particular pruning method because it does not produce very many flower buds on the shoots while the leaf buds are in the peak parts of trees. The pruning repeated in the successive years leads to shoot denudation of leaves and, in consequence, to a decrease in the size and quality of yields (Mika et al., 2011) .
The objective of the study was to estimate the effect of pruning intensity of 'Łutówka' sour cherry trees on spring frost damage, yield and quality of fruit.
Material and methods
Our experiment was carried out in 2006-2010 in the Department of Fruit-Growing of Poznań University of Life Sciences at the Agricultural and Fruit Growing Experimental Farm in Przybroda, Poland.
The experiment consisted of two stages. Oneyear old budded plants were planted in the spring 200l and 2002 spaced 4.0 × 1.3 m, which gave a total of 1920 trees per ha. The investigated material consisted of oneyear old budded plants of the sour cherry (Prunus cerasus L.) cultivar 'Łutówka', type IR2 on Prunus mahaleb. All trees had been produced in one nursery and they met the first class quality. In autumn, before the orchard establishment, farmyard manure (40 tons), potassium (200 kg ha -l K 2 O) and phosphorus (185 kg ha -l P 2 O 5 ) fertilization were applied. The plantation was established as a randomized split block design with four replications including a total of forty trees.
In the orchard, three intensities of' tree pruning were used: 1) no pruning (only sanitary felling was applied), 2) moderate traditional pruning (consisting of the shortening of branches by 1/3 of length) and 3) intensive pruning (by removing branches older than 3 years).
Every year, before vegetation, nitrogen fertilization was applied in the form of ammonium nitrate (50 kg ha -1 N). Tree pruning was carried out every year after fruit harvest in the second half of August. In the orchard, between rows, turf was cultivated, while in the tree rows herbicide fallow was maintained. Diseases and pests were controlled according to the protection program for commercial orchards.
The yield was estimated from each tree separately and its quality was expressed by the firmness of fruit flesh, total soluble solids and titratable acidity (results were expressed in percentage of malic acid) in the mass of 100 fruits. The sample size was 200 fruits picked from ten trees per replication at the height ranging from 130 to 160 cm, from the external part of the tree. Fruit firmness was determined for 25 sour cherries (whole fruits with the peel) using a penetrometer fruit pressure tester model FT 02 (Facchini Srl, Italy), with a 2.5-mm diameter tip and the results were expressed in grams (g). The total soluble solid content of the juice was determined with a digital refractometer PR-101α ("Atago", Japan) on 25 cherries selected randomly from each replicate and expressed in %. The colour was measured with a handheld tristimulus reflectance colorimeter Minolta CR-100 (Minolta Corp., USA) and recorded using a CIE L* a* and b* uniform colour space. Numerical values of a* and b* were converted into Hue ab angle (h° = tan -1 b*/a*) and chroma (Chroma = (a*2 + b*2) 1/2 ) (Łysiak, 2012; Łysiak et al., 2014) .
At the time of blooming in 2006, the weather was favourable and sunny. In the year 2007, spring frosts occurred twice and caused damage to flowers and fruitlets ( Table 1 ).
The greatest temperature drop occurred during the nights from the 20 th to the 22 nd of April (Fig. 1 ). The drop of temperature lasted almost 4 hours and caused significant damage to set flowers. Spring frost occurred on the night from the 30 th April to the 1 st May, the temperature was −1.6°C for 5 hours (Fig. 2) .
The weather conditions during bloom time in 2008 were unfavourable for pollination and fertilization. The average temperature during the day was below 10°C and it was raining. In the year 2009, flowering conditions were optimal but hailstorms decreased the yield and quality of fruits. The low productivity in the year 2010 was caused by unfavourable climatic conditions during flowering. Similar weather conditions during bloom time were in Przybroda in [2004] [2005] , which significantly decreased the sour cherry yield.
Results were statistically processed by multifactorial analysis of variance using programs Statistica 12 and STAT. Significance of differences between the treatments was estimated based on Duncan's test at a significance level of α = 0.05.
Results and discussion
Tree yielding significantly depended on the weather conditions during the bloom time in the experimental years 2006-2010. In the same experiment, the mean bloom damage in the year 2005 ranged between 39.5% in the orchard established in 2001 and 41.8% in the orchard established in 2002. Spring frost contributed to a decrease in the sour cherry yield (Zydlik et al., 2006) . According to Davarynejad et al. (2014) , a satisfactory yield can be obtained when 25-30% of the flowers set fruit.
Sour cherries are frequently damaged by spring frost which reduces the yield (Szpadzik et al., 2008; Stepulaitienė et al., 2013 (Table 2) did exert significant effect on the total yield. Increased pruning intensity decreased the yield. Trees which had not been pruned were characterized by a significantly higher yield in comparison to the pruned ones. This fact is consistent with the statement of Jankiewicz and Lipecki (2011) who reported that tree pruning decreased tree yield. As a result of pruning, the number of shoots and buds decreases together with some nutrients accumulated in the removed parts. Thus, competition for nutrients occurs, which results in shoots growing with a lower number of buds. The influence of pruning on fruit yield determined in this trial supports the results of many earlier experiments carried out by Mika et al. (2003) obtained from apple and by Ikinci (2014) obtained from peach showing that pruning of trees reduced the fruiting volume. Previous studies have already shown that sour cherry yields were higher for the rectangular shaped trees than in the spindle canopy (Flore, Layne, 1990) . Spindle trees are characterised by poorer yields in the later years due to the lack of permanent basal branches (Hrotkó, 2013) . Callesen (1997) received a better yield of control trees than in the hedgerow system with a greater volume of canopy. We conclude that moderate or intensive pruning probably reduced the fruiting volume because cv. 'Łutówka' exhibited poor growth and low ability to propagate shoots. On the other hand, no significant differences were found between moderate and an intensive pruning (Tables 2-3) .
Tree pruning and its intensity did not exert any major effect on fruit quality measured by the firmness and extract content. Significant effect of the applied tree pruning was found in relation to the mass of 100 fruits (Table 3) . Independently from the orchard age, the fruits reached a mass exceeding 500 g per 100 fruits, which is consistent with the statement of Szpadzik et al. (2010) who reported that cv. 'Łutówka' was characterized by fruit weight exceeding 5 g. The mean mass of the fruits in the present experiments was higher than that found by Świerczyński and Stachowiak (2010) . However, it must be stressed that with an increasing pruning intensity, the fruit weight increased. Pruning applications had no significant effect on firmness. Researchers obtained different results in sweet cherries (Bennewitz von et al., 2011) . Fruit firmness was the highest after the application of moderate pruning. However, one should note that fruit firmness decreased with the progressing age of trees (Table 3 ). The only perceivable change under the increasing pruning intensity was the tendency to the decrease of TSS content in the fruit. Similar results were obtained by Zydlik et al. (2006) , who reported that in the first years of tree growing, the tree crown shape did not exert any influence on fruit quality.
Colour is a very important indicator of the quality of fresh fruit (Pedisić et al., 2009) . During fruit ripening important biochemical changes modify the colour, texture, taste and other quality traits (Bureau et al., 2009) . One of the aspects of the maturation of red fruits is the change of initial green colour to a red, violet or blackish colour, caused by the accumulation of anthocyanins and chlorophyll degradation (Pedisić et al., 2010) . Colour variation of 'Łutówka' fruit skin was expressed by the L*, a*, b*, C* and h° parameters (Tables 4-5 ). The changes in colorimetric parameters varied depending on year and orchard. The lower C* value indicates an increase in tonality of the fruit colour (Gonçalves et al., 2007) and it was directly related to the pruning intensity in the orchard planted in 2001 (Table 3) . The a* parameter depended on the year and orchard. The changes in fruit colour were best reflected by the b* coordinate representing the colours from dark green to magenta. The change in the b* coordinate was less distinct, but its growing tendency was observed for the increased intensity of pruning and for progressing tree age during 2007-2010. In addition, the Hue ab value reflected the colour changes very clearly. These parameters decreased depending on tree pruning and its intensity. No consistent patterns in the chroma value were observed depending on pruning intensity.
Conclusions
1. The fruit yield decreased with the increasing tree pruning intensity. It must be stressed that fruit yield was the highest in the control treatment without pruning.
2. The intensity of cherry tree pruning exerted an influence on the fruit weight, but it did not affect the fruit firmness, fruit extract content and acidity. Fruit firmness decreased with the progressing tree age.
3. Both the measurements of the b* coordinate (representing the colours from blue to yellow) and the Hue ab angle increased with the intensity of the pruning but the differences were significant only for the trees planted in 2002. 
